The multiple inverse method is widely used to invert multiple stress tensors from fault-slip data caused by polyphase tectonics. A practical problem of the method is the time-consuming computation related to its iterative procedure. This paper describes a way of accelerating the computation by replacing an exhaustive grid search for the optimal stress tensor by direct calculation using an analytical solution. Furthermore, a technique to reduce noise in the result was developed based on the estimation of instabilities of solutions.
hours and several days to analyse several hundred to a thousand faults by a 31 personal computer. The cost is proportional to the number of fault subsets
by Landau's symbol. The number of faults in 33 a subset k is empirically set to four or five (Yamaji, 2000) . Therefore the cost 34 is O (N 4 ) or O (N 5 ). This fact generally limits the total number of faults N 35 up to a thousand. 36 Each determination of optimal stress for fault subsets is done by exhaus-37 tive grid search on 60,000 uniformly spaced stress tensors (Sato and Yamaji, 38 2006b) by default. This study proposes a direct algorithm for determination 39 of optimal stress tensor. assumption that a fault slips in the direction of shear stress, which is called Wallace-Bott hypothesis (Wallace, 1951; Bott, 1959, illustrated in Fig. 2a ).
48
Input data of stress inversion analysis are called fault-slip data which contain 49 fault plane orientations, slip orientations and shear senses, while the unknown 50 parameters are described by stress tensors. The direction of shear stress on 51 a fault plane depends on four of the six independent components of stress 52 tensor. Let σ, whose components are denoted by σ ij (i = 1 to 3, j = 1 to 3), 53 be a reduced stress tensor with four degrees of freedom. Two normalisation 54 conditions imposed on σ can be freely chosen. The first and second invariants are normalised in this study, i.e.,
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where σ 1 , σ 2 and σ 3 are the principal stress magnitudes (σ 1 ≥ σ 2 ≥ σ 3 , 58 compression is positive). Let n = (n 1 , n 2 , n 3 ) T and v = (v 1 , v 2 , v 3 ) T be the 59 unit vectors in the directions of fault normal and slip direction, respectively.
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The superscript T denotes the transpose of a vector or a matrix. Hereafter 
where the unit vector b = n × v is perpendicular to both n and v. Eq. (3) 68 requires the shear stress vector τ to be parallel to observed slip direction v, 69 while Eq. (4) represents the correspondence of shear sense ( Fig. 2a ). Sato 70 and Yamaji (2006a) introduced the deviatoric stress space to stress inversion 71 analysis, in which reduced stress tensors and fault-slip data are represented 72 by five-dimensional unit vectors ( Fig. 2b ). They reformulated Eqs. (3) and (4) as
respectively. The vectors in Eqs. (5) and (6) are defined as
The normalisation conditions of the stress tensor (Eqs. 1 and 2) and the 77 orthogonality of unit vectors representing fault parameters ( Fig. 2a ) imply
and 80 − → · − → = 0.
Eq. (8) means the components of vectors in the direction of (1, 1, 1, 0, 0, 0) T 81 are equal to 0, which allows us to reduce the dimension on six-dimensional 82 vectors to five. According to Eq. (9) the end points of vectors are on the 83 five-dimensional unit sphere ( Fig. 2b) .
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The Wallace-Bott condition is geometrically expressed in the deviatoric stress space (Sato and Yamaji, 2006a set to four. An example of a data set is shown in Fig. 4a . Fault planes 154 are randomly oriented. A half of the faults in a data set is assumed to be 155 activated by stress A with σ 1 -axis at 000/00, σ 3 -axis at 090/00 and Φ = 0.3.
The other half corresponds to stress B with σ 1 -axis at 040/00, σ 3 -axis at 
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